The serotonin transporter promoter polymorphism (5-HTTLPR) has been associated with vulnerability to stress-induced depressive symptoms and with the speed and rate of response to antidepressant treatment. The goal of the present study was to evaluate the association between the 5-HTTLPR and the functional response of the serotonin system as measured by the neuroendocrine and cerebral metabolic response to intravenous administration of the selective serotonin reuptake inhibitor citalopram in normal control subjects. Genotyping was performed for 5-HTTLPR insertion/deletion polymorphism long (l) and short (s) variant alleles. The ll genotype was compared with the combined sl þ ss and with the ss genotype alone. Citalopram plasma concentrations did not differ significantly between groups. The s allele was associated with a less of an increase in prolactin and cortisol than the ll genotype. The s allele was associated with greater decreases in left frontal, precentral and middle temporal gyri compared to the ll genotype. The ll genotype was associated with greater decreases in right frontal, insula and superior temporal gyrus compared to the ss genotype. These findings suggest that 5-HTTLPR is associated with an altered functional response of the serotonin system, which may represent a neurobiologic substrate for the differential response to antidepressant treatment in late life and the emergence of neuropsychiatric symptoms in neurodegenerative disorders.
INTRODUCTION
In vivo neurochemical responses measured as the behavioral and neurochemical response to acute pharmacologic interventions or the clinical response to psychotropic drug treatment demonstrate great interindividual variability. The recent identification of genetic polymorphisms for some of the primary targets of psychotropic drug action (for example, serotonin transporters for the selective serotonin reuptake inhibitors, dopamine and serotonin receptors for the antipsychotics) have enabled investigators to evaluate the potential relationship of these polymorphisms to neurochemical measures, treatment response, and side effect induction (eg Smeraldi et al, 1998; Pollock et al, 2000; Murphy et al, 2003; Kaiser et al, 2001; Segman et al, 2003) . The integration of genetic methods with in vivo neurobiologic techniques (neuroendocrine and neuroimaging studies) represents a unique opportunity to understand the functional consequences of specific genetic polymorphisms, which may have implications for the understanding of the mechanisms underlying the variability in acute and chronic psychotropic drug response.
The serotonin transporter promoter polymorphism (5-HTTLPR) has been a major focus of investigation in normal function and neuropsychiatric disease. A 44-base pair insertion deletion polymorphism in the 5 0 flanking regulatory region of the serotonin transporter gene with a long (l) and short (s) variant has been described (17q11.1-q12, Heils et al, 1996; Lesch et al, 1996) . The transcriptional efficiency of the promoter is greater for the l allele than for the s allele.
The analysis of lymphoblast cell lines cultured from subjects for the three genotypes demonstrated greater serotonin uptake, higher serotonin transporter binding and higher serotonin transporter mRNA concentrations for the ll genotype than the sl and ss genotypes (Lesch et al, 1996) . The ss and sl genotypes did not differ significantly from each other. These data indicated that in vivo neuroimaging studies might reveal differences in serotonin transporter binding densities and serotonin function in the brains of ll compared to ss and sl genotypes. Some in vivo neuroimaging studies have reported greater serotonin transporter availability associated with the ll genotype compared to ss and sl genotypes (Heinz et al, 2000) . However, other studies of serotonin transporter reuptake sites in platelet and neuroimaging studies have not detected such differences (eg Greenberg et al, 1999; Shioe et al, 2003; Willeit et al, 2001) .
In contrast to serotonin transporter concentrations, differences in serotonin function have been associated with the 5-HTTLPR in normal controls. Decreased serotonin function has been associated with the s allele compared to the l allele based upon: (1) a blunted neuroendocrine response to fenfluramine (the serotonin reuptake inhibitor and releasing agent) and clomipramine (a tricyclic antidepressant); (2) lower platelet serotonin uptake and (3) lower concentrations of serotonin metabolites (5-hydroxyindoleacetic acid, 5-HIAA) in cerebrospinal fluid (Whale et al, 2000; Reist et al, 2001; Strickland et al, 2003; Greenberg et al, 1999; Williams et al, 2003) . Consistent with these observations, neurophysiologic indices of information processing in motor and auditory cortices have demonstrated an increased responsiveness associated with the ll genotype, following acute pharmacologic increase of serotonin concentrations (citalopram administration, Strobel et al, 2003; Eichhammer et al, 2003) . These data suggest that in normal function, the 5-HTTLPR may be associated with differential serotonin sensitivity and behavioral responses mediated by serotonin. A logical next step is to further evaluate the functional significance of 5-HTTLPR by using neuroimaging methods to more directly evaluate central serotonergic function in vivo.
The most direct method for in vivo neuroimaging of serotonin function is to perform serial studies with a serotonin receptor radiotracer to measure changes in receptor availability secondary to pharmacologic-induced alterations in endogenous serotonin concentrations. Such a paradigm has been developed for the dopamine system using the dopamine (D2) receptor radiotracer, [11C]raclopride and acute pharmacologic interventions of the dopamine system (eg Dewey et al, 1993; Volkow et al, 1994) . The development of such a paradigm involves the validation of a radiotracer with suitable imaging properties and the availability of a selective pharmacologic agent that can be safely administered to human subjects. The available radiotracers that have been evaluated for the serotonin system do not have suitable imaging properties due to such factors, as lack of reversibility of radiotracer binding and high levels of nonspecific binding (eg Meyer et al, 1999; Smith et al, 2000; Hume et al, 2001) . With respect to pharmacologic agents for the serotonin system, many of the available agents are not selective, have poor bioavailability after administration of a single dose, or have safety concerns. The most selective of the serotonin reuptake inhibitors, citalopram has been developed as a suitable selective pharmacologic agent for the serotonin system that can be administered in intravenous form safely to human subjects across the life span (Seifritz et al, 1996; Smith et al, 2002a, b; Goldberg et al, 2004) .
Based on these considerations, an alternative approach has been developed to measure serotonin function in vivo by combining the administration of citalopram with positron emission tomography (PET) measurements of cerebral glucose metabolism (Smith et al, 2002b) . The initial studies in healthy controls demonstrated that the intravenous administration of citalopram resulted in steady-state plasma concentrations of citalopram for up to 3 h after the end of infusion and time-dependent increases in cortisol and prolactin levels. Citalopram administration decreased metabolism in the right anterior cingulate gyrus (BA 24/32), right superior (BA 9) and right middle frontal gyrus (BA 6), right parietal cortex (precuneus), right superior occipital gyrus, left thalamus and right cerebellum. Increased metabolism was observed in the left superior temporal gyrus and left occipital cortex. Similar regional and lateralized metabolic effects have been observed in other studies of the effects of serotonergic agents. For example, studies of the metabolic effects of the serotonin releasing agent and re-uptake inhibitor, fenfluramine, have observed increases in metabolism in the left hemisphere and decreases in the right hemisphere (Mann et al, 1996; Soloff et al, 2000) . The lateralized effects were not originally hypothesized to occur as laterality in the distribution of serotonin transporters or receptors or the content of serotonin and its metabolites has not been demonstrated (Kabani et al, 1990) . There is some preclinical and clinical evidence to suggest that the serotonin system in the right hemisphere has greater compensatory ability than in the left hemisphere (Mayberg et al, 1990; Mayberg and Robinson, 1998) . Studies of the recovery of serotonin receptor (5-HT2A) binding after poststroke depression in human subjects and after traumatic brain injury in an animal model both demonstrate greater increases in right compared to left hemisphere binding. The regions affected by acute, citalopram administration overlap with the regions that are altered by antidepressant interventions in mid-life and geriatric depressed patients (eg Mayberg et al, 2000; Smith et al, 1999 Smith et al, , 2002a and also overlap with the regions activated by mood induction paradigms, as well as attentional and memory tasks (eg Liotti et al, 2000; Fletcher et al, 1995) .
The purpose of the current study was to evaluate the association between 5-HTTLPR and the neuroendocrine and cerebral metabolic response to the intravenous administration of the SSRI, citalopram in normal control subjects. The neuroendocrine (prolactin and cortisol) and cerebral glucose metabolic responses to acute citalopram administration were evaluated as described previously (Smith et al, 2002b) . Based on previous basic and clinical research with 5-HTTLPR, it was hypothesized that because the s allele is associated with lower serotonin function, the s allele would be associated with less of a neuroendocrine and metabolic response compared to the l allele. Specifically, it was hypothesized that the s allele would be associated with less of a reduction in metabolism in the right hemisphere in frontal and temporal cortical regions as compared to the l allele (less of the lateralized response that has been observed in normal control subjects). It was also hypothesized that the s allele would be associated with a greater reduction in cortical metabolism in the left hemisphere compared with the l allele (as observed in patients with geriatric depression). The greater left hemisphere cortical response was hypothesized to occur as such a response has been observed in the case of decreased right hemisphere response in a previous study. This differential lateralization of response was observed in the comparison of patients with late life depression to age-matched controls, a case in which the patients would be hypothesized to have lower serotonin function than the controls.
MATERIALS AND METHODS
The procedures for subject selection and screening, for the acquisition and analysis of magnetic resonance (MR) and PET scans, and for the analysis of citalopram and neuroendocrine concentrations have been described (Smith et al, 2002a, b; Foglia et al, 1997) . Briefly, 20 normal control subjects (mean age 33.4712.2 years, 10 male/10 female; 19 Caucasians and one Asian) were enrolled in the study who did not have a family history, personal history or current diagnosis of psychiatric or neurological disorders, and were medically stable (including normal values on laboratory testing, negative toxicology screening). The subjects were enrolled in one of two PET imaging studies to measure changes in cerebral glucose metabolism or dopamine (D2) receptor availability after citalopram administration. The citalopram and neuroendocrine concentrations for the total sample (n ¼ 20) and the PET data for the glucose metabolism substudy (n ¼ 15) will be presented. After a complete description of the study to the subjects, written informed consent was obtained according to procedures established by the Institutional Review Board and the Radiation Safety Committee of the North Shore-Long Island Jewish Health System. 5-HTTLPR genotyping was performed in the The Robert S Boaz Center For Genomics and Human Genetics, as described previously with modifications (Edenberg and Reynolds, 1998; Pollock et al, 2000) . Lymphocytes were harvested from whole blood and DNA was extracted (QIAamp; Qiagen Inc., Valencia, CA, USA). Polymerase chain reactions (PCR) were performed using the following primers: FD 5 0 -TGA ATG CCA GCA CCT AAC CC-3 0 and RV 5 0 TTC TGG TGC CAC CTA GAC GC 3 0 . The amplicon product for the 'l' allele was 515 bp, while for the 's' allele was 471 bp. In total, 10 ml PCR reactions were performed with 1 Â Taq reaction Buffer (Eppendorf), 1.5 mM MgCl 2 , 5 ng DNA, 0.25 mM dNTP containing 0.125 mM 7 deaza dGTP (Roche), 0.15 mM of each primer and 1 U Taq gold (ABI). Cycling program was as follows: Initial denaturation step at 951 for 12 min followed by 50 cycles of 951 for 45 s, 601 for 45 s, and 72.01 for 45 s. There was a final DNA elongation step at 721 for 10 min. Amplification products were resolved by electrophoresis stained with ethidium bromide staining and visualized by UV transillumination.
The PET scans were performed using a GE Advance Tomograph in the Functional Brain Imaging Laboratory at North Shore University Hospital. Briefly, the subjects underwent intravenous infusions of placebo (250 ml of saline) or citalopram (40 mg of the drug diluted in 250 ml saline) over 60 min on 2 consecutive days. The order of placebo-drug administration was not randomized. The subjects were not told about the identity of the infusion until after completion of the two study days. The study was not randomized because if the citalopram were administered first, there might be carryover effects of the drug to the second scan. As pointed out by Kapitany et al (1999) , a time interval of at least 3 weeks would be necessary between placebo and citalopram conditions due to the known carryover effects of serotonergic drugs. As this paradigm was intended for application to studies of psychiatric patients and it would not be possible to maintain patients unmedicated during such a long time interval, the citalopram was administered on the first day of study. In addition, the test-retest variability for PET studies of cerebral glucose metabolism would presumably be greater over the course of several weeks as opposed to 24-48 h.
Serum and plasma samples for assays of citalopram levels and neuroendocrine (cortisol and prolactin) concentrations, respectively, were obtained at predetermined intervals (preinfusion, end of infusion, and 15, 30 60, 90, 120 min postinfusion). The assays were performed in the Geriatric Psychopharmacology Laboratory, Western Psychiatric Institute and Clinic, University of Pittsburgh School of Medicine. The data for citalopram and neuroendocrine concentrations are shown as areas under the curve (AUC) as calculated using standard trapezoidal methods and maximum change over time (Dmax). The AUC and maximum change data were analyzed using univariate analysis of variance (ANOVA) using genotype as a between-subjects factor (ll vs ss þ sl and ll vs ss).
At 30 min after the end of the infusion of placebo/ citalopram, 5 mCi of [18F]fluorodeoxyglucose ([18F]-FDG) was injected as an intravenous bolus. During radiotracer uptake, subjects were maintained in a quiet, darkened room with eyes open and ear unoccluded. Subjects were positioned in the scanner. First, a 10-minute transmission scan and a 5-minute two-dimensional emission scan were acquired for photon attenuation correction. Then, a threedimensional emission scan began at 35 min after radiotracer injection and lasted for 10 min.
Glucose metabolic rates were calculated (in ml/100 g/min) on a pixel by pixel basis as described previously (Bisaga et al, 1998; Takikawa et al, 1993) . PET data processing was performed on the quantitative glucose metabolism images using the statistical parametric mapping program (SPM99, Friston et al, 1995) The glucose metabolic rates were normalized by scaling to a common mean value across all scans using the proportional scaling option. The scans were normalized as the test-retest variability for glucose metabolism studies is greater for absolute than for normalized metabolic rates (eg Bartlett et al, 1988) . The PET scans for each subject were aligned, then were spatially normalized by nonlinearly warping into Talairach space. The images were smoothed with an isotropic Gaussian kernel (FWHM 8 mm in all planes). The differences in response (placebo/citalopram) were compared between-groups (ll vs ss þ sl and ll vs ss) using the multigroup: conditions and covariates option in SPM99. The variance was calculated using a voxel by voxel estimation method in SPM99. The between-group comparisons were considered significant at zX3.08, pp0.001, uncorrected for multiple independent comparisons. The probability values for the cluster data that were corrected for the number of comparisons are also reported. The minimum number of voxels required for significance in the cluster was one hundred.
RESULTS
The demographic characteristics of the neuroendocrine and PET study samples are presented in Table 1 . The frequencies of the l and s alleles in this sample are consistent with the population (eg Delbruck et al, 1997; Gelernter et al, 1999) . For example, in Caucasians, the frequencies for ll is about 3575% and sl/ss is about 6575% (l is about 60% and s about 40%). The groups did not differ significantly in age; however, the mean age for the ll genotype subjects was older than for the ss þ sl genotype subjects (neuroendocrine sample: F ¼ 2.42, df ¼ 2,19, p40.05. PET sample: F ¼ 2.73, df ¼ 2,14, p40.05). Agerelated alterations in serotonin function have been shown within this age-range (eg Tauscher et al, 2001; Rosier et al, 1996) . Thus, age was included as a covariate in the analyses of the citalopram concentrations, the neuroendocrine data and the glucose metabolism data. The gender distribution differed across genotypes such that the ll genotype consisted of mostly females, the combined sl þ ss genotypes were balanced between the genders and the ss genotype consisted of mostly males. The citalopram concentrations and the neuroendocrine data were analyzed using gender as a covariate. For the glucose metabolism data, a separate analysis was performed to evaluate the main effect of gender, in particular, regional differences in response between the genders.
The means and standard deviations for the citalopram plasma concentrations, prolactin and cortisol AUC and the Dmax for the three groups (ll, sl þ ss, ss) are shown in 1,19, p40.05) . The statistically significant differences between genotypes for these variables were also not observed when other analysis methods were employed (evaluation of the log transformed data, repeated analysis of variance using the specific timepoints). The results of the ANOVAs including age as a covariate revealed a significant effect of genotype (ll compared to sl þ ss) for the prolactin AUC (F ¼ 7.80, df ¼ 1,19, po0.05) and maximum change (F ¼ 6.15, df ¼ 1,19, po0.05), while the main effect of the covariate was not significant (p40.05). The comparisons for the citalopram levels and cortisol measures were still not statistically significant. The analysis of the three genotypes did not reveal a statistically significant difference for these variables (p40.05). The analyses including gender as a covariate did not reveal a significant main effect of genotype or a significant effect of gender as a covariate (p40.05).
The SPM results of the between-group differences in the metabolic response as a function of genotype are presented in Table 3 . The analyses are presented for the comparison between the ll and combined ss þ sl genotypes and the comparison between the ll and ss genotypes. The results of the SPM analyses were similar whether or not age was included as a covariate. The analyses using age as a covariate are presented. The results are displayed that were statistically significant at the level of pp0.001 (uncorrected) at the voxel level and the statistical probabilities for the cluster level comparisons (corrected) for these voxels are shown. The combined ss þ sl genotypes compared to the ll genotype demonstrated greater decreases in left superior frontal gyrus, left precentral gyrus, and left middle temporal gyrus compared to the ll genotype. The ll genotype demonstrated greater decreases in right insula and right superior temporal gyrus compared to the ss þ sl genotype.
For the analyses comparing the two homozygous genotypes (ss and ll), greater decreases in metabolism in the ss compared to the ll genotype was observed in left middle frontal, left precentral, and left middle temporal cortices. Greater decreases in the ll compared to the ss genotype were observed in the right inferior frontal gyrus, right insula, and right superior temporal gyrus. Topographic maps of the representative areas of greater and lesser decrease in the ss þ sl genotypes relative to the ll genotype are shown in Figure 1 . The analyses of the effects of gender on the cerebral metabolic response to citalopram did not demonstrate a significant gender effect at the same statistical cutoff used in the present study in the same regions. The left and right anterior cingulate and left precuneus demonstrated greater decreases in metabolism after citalopram administration in female subjects than male subjects (po0.01 at the uncorrected voxel level).
DISCUSSION
The analysis of the citalopram and neuroendocrine concentrations did not reveal statistically significant differ- Figure 1 Alterations in cerebral glucose metabolism in ss þ sl genotypes compared to ll genotype in the transaxial plane superimposed on an MR template (scaled z scores shown at a threshold of pp0.001). The image on the left shows greater decreases in ss þ sl than ll genotypes (left superior frontal gyrus and left precentral gyrus). The image on the right shows greater decreases in ll than ss þ sl genotypes (right insula and superior temporal gyrus).
ences between genotypes, except in the case of the prolactin AUC and maximum change variable when age was included as a covariate for the comparison of the ll and combined ss þ sl genotypes. The general trend was for cortisol and prolactin data to be similar to that of other neuroendocrine studies, in that the ss þ sl genotypes demonstrated less of response to an acute pharmacologic increase of serotonin concentrations than the ll genotype (eg Reist et al, 2001; Whale et al, 2000) . However, the sample size in the study may not have had sufficient statistical power to demonstrate a difference between groups in the neuroendocrine response. The mean citalopram concentrations were similar between groups, indicating that differences in drug concentrations did not contribute to the differences in the neuroendocrine and glucose metabolic variables. Regarding the glucose metabolism data, the ss þ sl genotypes demonstrated less of a right cortical metabolic response compared to the ll genotype. A greater decrease in left hemisphere cortical metabolism following citalopram administration was observed in the ss þ sl genotypes compared to the ll genotype. The greater right hemisphere response was more statistically significant in comparing the ll genotype to the ss genotype as compared to the combined sl þ ss genotypes. The lesser decrease in right cortical metabolism and the greater decrease in left hemisphere cortical metabolism in comparing subjects with the s allele to the ll genotype is similar to that observed in the comparison between patients with geriatric depression and age-matched controls (Smith et al, 2002a) . Thus, there are similarities between the comparison of the glucose metabolic response to citalopram of the s allele to the l allele and the comparison between patients with geriatric depression and controls. Depressive disorders, particularly in the elderly, may be associated with diminished serotonergic function (as reviewed by Meltzer et al, 1998) and the s allele has been associated with relatively lower serotonin function than the l allele. In both cases (the comparison of depressed patients to controls and the comparison of genotypes), the different cortical lateralized response might reflect a compensatory response to relatively decreased serotonin function. Other neurobiologic measures have demonstrated differential lateralized responses in comparing depressed patents to controls. For example, using neurophysiologic measures, frontal cortical asymmetries have been associated with depression, the response to antidepressant treatment, vulnerability to depression, and affective styles (Davidson, 1992; Davidson et al, 2003; Diego et al, 2001; Coan and Allen, 2003) . There is evidence that these frontal asymmetries may be inheritable (Field et al, 1995) . As both depressed geriatric patients and subjects with the s allele had similar lateralized patterns of response relative to controls to a serotonergic challenge, it is possible that this asymmetric sensitivity to serotonin may underlie a genetic vulnerability to depression and to slower antidepressant response.
In regard to the interpretation of the neurochemical mechanisms underlying the glucose metabolic alterations, it is important to consider that the metabolic changes secondary to citalopram administration represent the net primary (serotonin) and secondary (other neurotransmitters and neuromodulators) neurochemical effects. In addition to increasing serotonin concentrations, acute citalopram administration has been shown to increase the concentrations of other neurotransmitters including glutamate, norepinephrine, dopamine, and acetylcholine (Kreiss et al, 1993; Golembiowska and Dziubina, 2000; Invernizzi et al, 1997; Lucas et al, 2000; Mateo et al, 2000; Hilgert et al, 2000) . The metabolic effects are observed primarily in the heteromodal association cortices for which interactions of serotonin and glutamate in neocortical pyramidal cells within these regions are well documented (as reviewed by Marek and Aghajanian, 1998) . Thus, the regional alterations in cortical glucose metabolism observed are most consistent with the secondary effects of increased serotonin concentrations on glutamate. Future analyses of genotypes for these other neurotransmitter systems, including the glutamate system, and other potential sites involved in the antidepressant response (5-HT1A) in combination with 5-HTTLPR may explain a greater degree of the variability observed in the metabolic response to citalopram.
With respect to the role of the 5-HTTLPR in neuropsychiatric disease, there are several cases in which the s allele has been related to antidepressant treatment response and aspects of behavior, instances in which serotonin dysregulation has been hypothesized as a neurochemical substrate. The s allele has been associated with a slower response to selective serotonin reuptake inhibitor treatment (SSRI) in geriatric depression and a poorer outcome to SSRI treatment in midlife depressed patients in some studies (eg Smeraldi et al, 1998; Rausch et al, 2002 , as reviewed by Lotrich et al, 2001) . A prospective, longitudinal study demonstrated that one or two copies of the s allele was associated with greater stress-induced depressive symptoms and suicidality compared to the ll genotype (Caspi et al, 2003) . Also, the s allele has been associated with an increased activation response in the right amygdala in response to fearful stimuli compared to the ll genotype (Hariri et al, 2002) . Altered serotonin function associated with 5-HTTLPR, as suggested by the data reviewed in the Introduction, as well as the findings of the present study, may represent a neurochemical substrate that might account in part for these findings.
The 5-HTTLPR may have an impact on the course of the normal aging process, in terms of the capacity for adaptation to age-related alterations in serotonin function, as well as the emergence of behavioral symptoms in neurodegenerative disease. As discussed, there is evidence for an increase in depressive symptoms and suicidality in response to stress associated with the s allele (Caspi et al, 2003) . It is possible, then, that an increase in vulnerability to depression in late life, secondary to such factors as bereavement and medical illness, may be associated with the s allele. The potential 'neurotoxic' effects of stress, which may be related to neurodegenerative changes in the brain have been hypothesized to be mediated by glucocorticoid modulation by the serotonin system (Bremner, 1999) . The degree of susceptibility to potential stress-induced neurodegenerative changes may be associated with 5-HTTLPR. In fact, differential susceptibility to glucocorticoid increases in serotonin transporter expression have been associated with 5-HTTLPR (Glatz et al, 2003) . The s allele may be also associated with a reduced capacity for neuroplasticity. For example, reduced brain-derived neurotrophic factor (BDNF) modulation of serotonin function in lymphoblasts has been associated with the s allele (Mossner et al, 2000) . Behavioral disturbances observed in neurodegenerative disorders such as agitation and psychosis in Alzheimer's Disease, and depression in Parkinson's Disease have been associated with 5-HTTLPR Sweet et al, 2001; Mossner et al, 2001) . Further studies to evaluate the functional serotonergic correlates of serotonin polymorphisms (eg 5-HTTLPR, 5-HT1A, and 5-HT2A receptor genotypes) may lead to the development of protective and therapeutic strategies for the improved clinical management of these symptoms associated with late life.
The present study is clearly limited by the relatively small sample size. These findings await replication in a larger subject sample, as do other studies that have reported such findings with a similar sample size. The difference in age and the lack of gender matching could potentially limit the ability to detect a between-genotype difference. However, analyses of a larger sample of normal volunteer across the life span did not reveal gender or age effects that were similar in nature to the results observed in the present study and these variables were included in the analyses of the citalopram concentration, neuroendocrine, and neurometabolic data. The groups were reasonably well matched for ethnicity (Goldberg et al, 2004) . The one Asian subject was included in the analysis as the only evidence for a differential serotonergic response in Asians was a single paper reporting a more rapid antidepressant response associated with the s allele, in contrast to l allele in studies of non-Asian patients (Kim et al, 2000; eg Pollock et al, 2000) . This finding has not been replicated in other studies in Asian samples (eg Yu et al, 2002) . One strategy that could be implemented in future studies would be to pre-select subjects based upon genotype in order to more closely match subjects based on age and gender. The other factor that might contribute to the results obtained is that the order of placebo/citalopram administration was not randomized and the differences in metabolism between scans may be attributable to differences in levels of habituation to the scanning procedures or anxiety (Stapleton et al, 1997; Schmidt et al, 1996) . Nonetheless, significant and interpretable differences were observed in the neuroendocrine and PET data that were consistent with the literature. These data provide preliminary evidence of a decreased serotonergic response associated with the s allele using in vivo neuroimaging methods. The integration of genetic with dynamic, neuropharmacological imaging methods provides a unique opportunity to evaluate the functional significance of polymorphisms of neurotransmitter transporters and receptors that will have important implications for interpreting the variability in the behavioral and neurochemical response to acute pharmacologic interventions, as well as in understanding the neurobiological substrates of treatment response variability.
